Study objective-To study the association between socioeconomic status (SES) and stomach cancer incidence (cardia and non-cardia) and the role of lifestyle factors in explaining this association. Design-Prospective cohort study on diet and cancer that started in 1986. Data were collected by means of a self administered questionnaire. Analyses per subsite of stomach cancer revealed that for people with the highest level of education the age adjusted rate ratio for cardia cancer changed from 0.37 (95%CI = 0.13, 1.00) to 0.60 (95% CI = 0.19, 1.87) after additional adjustment for lifestyle variables, whereas the rate ratio for non-cardia cancer (RR = 0.59, 95% CI 0.33, 1.05) did not change after additional adjustment. (J Epidemiol Community Health 1998;52:166-171) Stomach cancer has very often been found to be inversely related to socioeconomic status (SES) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] 
Stomach cancer has very often been found to be inversely related to socioeconomic status (SES) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ; all studies but one 1 showed inverse associations between level of education or occupation and stomach cancer risk. However, in these studies hardly any adjustment was made for potential confounders. In most studies only age was included in the analyses, whereas four studies included some lifestyle characteristics such as smoking, [2] [3] [4] coVee and alcohol consumption, 3 or vegetable consumption. 12 Although associations have been reported between SES and stomach cancer, SES is not thought to be a direct risk factor. Some lifestyle variables that have been identified as possible risk factors for stomach cancer, for example, vitamin C intake, 13 14 intake of carotene, 13 alcohol consumption, 15 16 and smoking habits, 16 17 are all characteristics associated with SES. [18] [19] [20] Therefore, we examined the association between SES and stomach cancer incidence and the role of these lifestyle factors in explaining a possible association in the Netherlands Cohort Study (NLCS) on diet, other lifestyle variables, and cancer risk. Earlier research in the NLCS showed an association between coVee consumption and stomach cancer risk. 21 Thus, coVee consumption is also included in the analyses. Moreover, adjustment is made for age, family history of stomach cancer, and prevalence of stomach disorders, because these factors may confound the association between SES and stomach cancer. 22 23 There are strong indications that risk factors for stomach cancer diVer between subsites. 24 25 Accordingly, we have studied the association between SES and stomach cancer more extensively by distinguishing cardia cancer from the more distal stomach cancers (non-cardia).
Methods

THE COHORT STUDY
In September 1986, the Netherlands Cohort Study (NLCS) investigating various lifestyle variables, sociodemographic indicators, and cancer risk was started. The cohort included 58 279 men aged 55-69 years at the beginning of the study, originating from 204 municipalities in the Netherlands. Data were collected by means of a self administered questionnaire. A detailed description of the cohort study design has been reported elsewhere. 26 For data analysis the case-cohort approach was used in which cases are derived from the entire cohort, while the person years at risk were estimated from a random sample of 1688 subjects (subcohort). After the baseline exposure measurement the subcohort has been followed up biennially for vital status information. In this period, no subcohort members were lost to follow up.
Follow up for incident cancer has been established by record linkage with all regional cancer registries in the Netherlands and with a national pathology register (PALGA). The method of record linkage has been described previously. 27 The analysis is restricted to microscopically confirmed stomach cancer incidence (excluding lymphoma) in the period from September 1986 to December 1990. In this period completeness of follow up of the cohort through linkage with the cancer registries and PALGA was estimated to be at least 96%. 28 After excluding subjects with self reported prevalent cancer other than skin cancer 162 stomach cancer cases were detected; 49 cardia and 113 non-cardia cases. Prevalent cancer cases other than skin cancer were also excluded from the subcohort, leaving 1630 subjects available for analysis.
SOCIOECONOMIC STATUS
SES was measured by means of highest level of education attained and by means of occupational history, two of the recommended measures for SES. 29 Educational level was classified as primary school, lower vocational school, junior high school, senior high school, higher vocational school, university and other education. Information about occupational history was coded according to the job coding system of the Central Bureau of Statistics (CBS) frequently used in the Netherlands. 30 For the present analyses, these CBS codes were aggregated according to occupational sector and required training (EGP) and according to social standing (U and S). The EGP coding scheme is a reconstruction of the scheme developed by Erikson, Goldthorpe and Portocarero, 31 which is still comparable with the original list. 32 The U and S score is based on an ordering of occupational titles according to social standing and is also comparable with international classifications. 33 Other factors possibly relevant to the association between SES and stomach cancer risk that were measured in the baseline questionnaire are age, smoking habits, alcohol intake, coVee consumption, intake of vitamin C and carotene, the prevalence of stomach disorders (any stomach disease in the past that required medical attention), and family history of stomach cancer.
DATA ANALYSIS
The distribution of SES indicators and potential confounders known to be associated with SES and stomach cancer was compared between the case and subcohort group. Educational level was aggregated into four categories: primary school, lower vocational school, junior high school and senior high school, higher vocational school or university. The EGP score of the most recent occupation was divided into four categories: blue collar jobs (lower grade technicians, semi and unskilled manual workers), lower white collar jobs (administrators and non-manual employees), upper white collar jobs (professionals) and other (farmers and self employed people). The U and S score (also based on the last occupation) was divided into five categories increasing from low (for example, garbage collector) to high social standing (for example, lawyers).
To study the association between SES and stomach cancer risk and the role of possible confounders, data were analysed according to the case-cohort approach, 34 35 using the GLIM statistical package. 36 Mantel-Haenszel rate ratios of stomach cancer were determined for each of the SES indicators, stratified for age. In the multivariate analyses, rate ratios and 95% confidence intervals of stomach cancer were computed for the diVerent SES indicators, after adjustment for the covariates mentioned above. Recent research has pointed out that there seem to be aetiological diVerences between cardia cancer and the more distal stomach cancers. 24 25 Therefore, we have also determined Mantel-Haenszel rate ratios of cardia cancer (ICD-O topography 151.0) and non-cardia cancer (ICD-O 151.1-151.9) for one SES indicator. Subsequently, multivariate analyses were conducted for these subsites. Table 1 shows the distribution of SES indicators and covariates in the group of cases and the subcohort. Cases were on average older than members of the subcohort (mean age for cases is 63.0 years and for subcohort members 61.4 years). There was no substantial diVerence in the intake of carotene between cases and the subcohort members, but the dietary intake of vitamin C was for cases somewhat lower compared with subcohort members. There were more non-smokers among subcohort members compared with cases and proportionally more cases consumed large amounts of coVee (> 4 cups per day) than subcohort members. There were no diVerences in alcohol intake between cases and subcohort members. Stomach disorders were more prevalent among cases compared with members of the subcohort. The same was found with regard to family history of stomach cancer. The association between the various SES indicators and stomach cancer incidence is consistent: in the case group there were proportionally more men with a lower level of education, a blue collar job and a low U and S score (social standing) compared with the subcohort.
Results
The association between SES indicators and covariates was studied in the subcohort (table 2). SES was inversely related to age. The mean intake of carotene did not diVer among the SES categories, whereas the mean intake of vitamin C was higher in the highest SES categories. The proportion of men who never smoked was somewhat higher among men with a high level of education or a white collar profession. Proportionally more men with a low SES consumed large amounts of coVee (> 4 cups per day), whereas proportionally more men with a high SES consumed large amounts of alcohol (> 30 g per day). The prevalence of stomach disorders was higher among the lower SES categories and there was no substantial diVerence in family history of stomach cancer among SES categories. Table 3 gives the results of the stratified analyses. After adjustment for age in three five year categories, there was a statistically significant inverse association between level of education and stomach cancer risk (RR highest/lowest level of education = 0.54; 95%CI 0.33, 0.89; trend, p=0.02) and a statistically non-significant inverse association between EGP score and stomach cancer risk (RR upper white collar/blue collar = 0.67; 95%CI 0.42, 1.04; trend, p=0.07). There was no clear association between U and S score and stomach cancer risk (RR high/low social standing=0.99; 95% CI 0.52, 1.85; trend, p=0.34).
To find out whether an association between the SES indicators and stomach cancer risk resulted from lifestyle characteristics, additional adjustment was made for smoking, alcohol intake, coVee intake, vitamin C, carotene, stomach disorders, and family history of stomach cancer (table 3). After that adjustment there was still an inverse association between level of education and stomach cancer risk (RR highest/lowest level of education = 0.61; 95% CI 0.34, 1.07), but the test for trend was not statistically significant any more (trend, p = 0.11). The association between EGP score and stomach cancer risk also became less prominent (RR upper white collar/blue collar = 0.76; 95% CI 0.45, 1.28; trend, p=0.21), and there was still no association between U and S score and stomach cancer risk.
We have studied the association between level of education and stomach cancer more extensively by distinguishing cardia cancer from non-cardia cancer. Table 4 gives the results of the stratified analyses and multivariate analyses. Men with a higher level of education had a lower age adjusted risk for cardia cancer compared with men with a lower level of education (RR highest/lowest level of education = 0.37; 95% CI 0.13, 1.00). On the other hand, men with lower vocational school or junior high school had an age adjusted rate ratio greater than one, compared with men with primary school. After additional adjustment for lifestyle variables mentioned above the rate ratios for cardia cancer changed considerably. However, people with a higher level of education still had a non-significant lower risk for cardia cancer than people with a lower level of education (RR highest/lowest level of education = 0.60; 95%CI 0.19, 1.87).
After adjustment for age, there was a non-significant inverse association between level of education and the risk of non-cardia cancer (RR highest/lowest level of education = 0.59; 95% CI 0.33, 1.05). This inverse association changed very little after additional adjustment for lifestyle variables (RR highest/lowest level of education = 0.58; 95%CI 0.31, 1.11). This is in contrast with the results from the association between SES and cardia cancer risk.
Discussion
We have found an inverse association between level of education and stomach cancer risk. This association became less apparent when adjustment was made for various lifestyle variables, indicating that part of the higher risk for stomach cancer for people with a low level of education may be because of lifestyle characteristics. The association between the occupation based SES indicators and stomach cancer risk was less clear. Both for cardia cancer as well as for non-cardia cancer a nonsignificantly inverse association with level of education was observed. Adjustment for potential risk factors for stomach cancer showed different results: the lower cardia cancer risk for people with the highest level of education changed noticeably after adjustment, while the inverse association between level of education and non-cardia cancer changed very little after additional adjustment. The significant inverse association between level of education and stomach cancer risk for men seen in our study is comparable with results from cross sectional, 2 casecontrol, 3 9 10 12 and cohort studies. 7 8 From the six studies 3 4 6-8 12 in which occupation was used as SES indicator, four found a significant inverse association. 3 6 8 12 In one case-control study 4 a non-significant inverse association was reported, while a cohort study showed no clear association. 7 In the latter the incidence of stomach cancer among managerial and clerical workers was significantly lower compared with the stomach cancer risk in the whole population, but unskilled workers did not have a significantly higher risk. In four studies lifestyle characteristics such as smoking, [2] [3] [4] alcohol consumption 3 or vegetable consumption 12 were included. Overall, adjustment for these factors did not dramatically change the association between SES and stomach cancer risk. Although in one case-control study, 12 where adjustment was made for age, sex, vegetable consumption, body mass index at age 20, age at first access to refrigerator, and number of siblings, the risk estimates in relation to occupation and duration of education had a tendency to approach unity. Nevertheless, there was still a significant inverse association between education and stomach cancer risk.
We found three studies that described the association between SES and stomach cancer, which made a distinction between cardia cancer and the more distal stomach cancers. 24 37 38 One study examined incidence trends in oesophageal and gastric cancer in the UK, during 1962 to 1981. The authors reported that in the higher SES groups there were more cardia cases and less pyloric cases recorded than expected and in the lower SES groups there were less cardia cases and more pyloric antrum cases. 24 Another study evaluated risk factors for cancers of the cardia and more distal sites, in white men under the age of 55 years. 37 They found no association between level of education and cardia cancer, whereas level of education was strongly associated with the more distal stomach cancers. However, in this case-control study age and sex matched neighbourhood controls were used. As there is an association between SES and neighbourhood, 39 the control group seems not entirely appropriate for studying SES and cancer. The third study 38 reported both for cardia cancer and for other subsites a decreased risk with increasing social class (based on a combination of occupation and education).
In our study both cardia cancer and non-cardia cancer showed a non-significant inverse association with level of education, although the lower cardia cancer risk was only found among people with senior high school, 40 Nevertheless, it seems that if there is a positive association between smoking and stomach cancer, it is thought for both cardia cancer as well as for non-cardia cancer. 37 41 On the other hand, if there is a positive association found between alcohol use and stomach cancer, this only seems to apply to cardia cancer. 37 38 41 Furthermore, there are indications that a joint eVect of alcohol drinking and smoking may play an important part in the development of gastric cancer, especially of cardia cancer. 41 The cohort study has been performed in a large sample of the general population aged 55-69 years at baseline. The follow up period of 4.3 years resulted in 162 male stomach cancer cases, indicating that the study had reasonable but not very large power. Moreover, when distinction was made between cardia cancer and non-cardia cancer respectively 49 and 113 cases were available for analysis. The follow up of person years was 100% complete and the completeness of cancer follow up was also very high, showing that selection bias resulting from loss to follow up is unlikely. Although known risk factors for stomach cancer were measured and controlled for in the multivariate analyses, residual confounding could still have existed. Besides, we had no information about the prevalence of Helicobacter pylori infection, which may be an important risk factor for stomach cancer, 42 especially for non-cardia cancer 43 and is known to be associated with SES. 44 Another fact that could have influenced the results is misclassification of exposure. SES is operationalised as highest level of education, EGP score (functional level), and U and S score (social standing), both based on the last occupation. Highest level of education is a characteristic that is easily obtainable and recordable. It applies to every adult person and in people it is stable over time. This stability has also negative implications for the suitability of level of education as SES indicator, because it can mask important changes in individual circumstances after education is completed. 45 Therefore highest level of education is probably a less relevant SES indicator for the older generation. 46 The occupation based SES indicators reflect the more recent situation, but occupational status as SES indicator leads to the problem how to classify persons without formal occupation. Because we used occupation as an indicator of SES, it seems reasonable to take the most recent occupation instead of the occupation performed the longest. Also for pensioners, a relatively large part of the study population, the most recent occupation is used.
In conclusion, we found an inverse age adjusted association between stomach cancer risk and highest level of education for men. This association became less apparent after additional adjustment for smoking, alcohol intake, coVee intake, intake of vitamin C, carotene, family history of stomach cancer, and stomach disorders. None of these lifestyle factors, however, explains the association between SES and stomach cancer risk on its own. The association between the occupation based SES indicators and stomach cancer risk was less clear. Nevertheless, the number of cases in our study is quite small. Therefore, a longer follow up time is required. When distinction was made between cardia and non-cardia cancer, it became evident that, although both cardia and non-cardia cancer showed an inverse association with level of education, adjustment for other risk factors reduced the association with cardia cancer but did not eVect the association with non-cardia cancer.
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+ There is an inverse association between level of education and stomach cancer risk.
+ Part of the inverse association between education and stomach cancer is due to lifestyle.
+ It is relevant to distinguish cardia cancer from the more distal stomach cancers when studying the association with socioeconomic status.
